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1
LAND SURVEYING USING GNSS DEVICE

BACKGROUND

1. Field

The present disclosure relates to Global Navigation Sat-
cllite System (GNSS) devices and, more specifically, to
surveying using a GNSS device.

2. Related Art

Navigation receivers that use global navigation satellite
systems, such as GPS or GLONASS (hereinafter collec-
tively referred to as “GNSS”), enable a highly accurate
determination of the position of the receiver. The satellite
signals may comprise carrier signals that are modulated by
pseudo-random binary codes and that, on the receiver side,
may be used to measure the delay relative to a local
reference clock. These delay measurements may be used to
determine the pseudo-ranges between the receiver and the
satellites. The pseudo-ranges are not true geometric ranges
because the recetver’s local clock may be diflerent from the
satellite onboard clocks. If the number of satellites 1n sight
1s greater than or equal to four, then the measured pseudo-
ranges can be processed to determine the user’s single point
location as represented by a vector X=(x,y,z)’, as well as to
compensate for the receiver clock oilset.

Surveyors may use GNSS devices to measure points
representing boundaries between plots of land, paths to be
traversed, and the like. Typically, the surveyor may traverse
a boundary or path to be surveyed and may use a GNSS
device to measure and record the locations of points along
the way. Processing software may then be used to plot the
measured points to generate a computer representation of the
boundary or path. For example, to survey the closed rect-
angular boundary of plot of land 100 shown 1n FIG. 1, the
surveyor may first walk to point 101 to measure and record
the location of the point. The surveyor may then proceed to
measure and record the locations of points 103, 105, and
107. However, since the boundary of plot 100 has a closed
shape, the surveyor may be required to return to point 101
to measure and record the location of the point. Based on the
order that the points were recorded, processing soltware may
be used to connect points 101 and 103, 103 and 105, 105 and
107, and 107 and 101, as shown 1n FIG. 1.

While this technique can be used to define any desired
closed shape, problems may occur 1f the measured locations
for junctions (e.g., points requiring multiple measurements),
such as point 101, are not identical. In particular, the
processing software may incorrectly connect the measured
points, thereby generating incorrect boundaries for the plot
of land. For instance, if the second measurement of point
101 does not match the first measurement of point 101, the
processing software may generate a line having four seg-
ments rather than the closed rectangular shape shown in
FIG. 1. These measurement inconsistencies can be caused
by the user positioning the GNSS device at slightly diflerent
positions for each junction measurement and/or measure-
ment errors of the GNSS device.

BRIEF SUMMARY

Processes for surveying a path using a global navigation
satellite system (GNSS) device are provided. One example
process includes: recerving, by the GNSS device, a request
to add a point on the path to a set of points; determining a
location of the point; determining 11 the point 1s a new point
or a previously measured point from the set of points; 1n
response to determiming that the point 1s a new point, adding,
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2

the point to the set of points using the determined location
of the point; and 1n response to determining that the point 1s
a previously measured point from the set of points, adding
the point to the set of points using a location of a corre-
sponding point from the set of points.

In some examples, the request to add the point on the path
to the set of points identifies the point as being a new point
or a previously measured point from the set of points, and
wherein determining 1t the pomnt 1s a new pomnt or a
previously measured point from the set of points i1s per-
formed based on the request.

In some examples, determining 1f the point 1s a new point
or a previously measured point from the set of points
comprises: determining that the point 1s a previously mea-
sured point if the location of the point 1s within a threshold
distance to a location of a point in the set of points; and
determining that the point 1s a new point 1f the location of the
point 1s not within the threshold distance to a location of a
point in the set of points.

In some examples, the process further includes 1n
response to determining that only a single point from the set
of points has a location within the threshold distance from
the location of the point, selecting the single point to be the
corresponding point from the set of points; and 1n response
to determining that more than one point from the set of
points has a location within the threshold distance from the
location of the point: causing a display of at least a portion
of the previously measured points from the set of points; and
receiving a selection of one of the displayed previously
measured points, wherein the selected previously measured
point 1s used as the corresponding point from the set of
points.

In some examples, the at least a portion of the previously
measured points from the set of points comprises all points
from the set of points having locations within the threshold
distance from the point.

In some examples, adding the point to the set of points
using the determined location of the point comprises storing
the point and the determined location of the point in a data
structure representing the set of points. In other examples,
adding the point to the set of points using the location of the
corresponding point from the set of points comprises storing
the point and the location of the corresponding point from
the set of points 1n a data structure representing the set of
points.

In some examples, the set of points comprises associated
data for each point in the set of points, and wherein the
associated data comprises a location of each point in the set
of points, an 1dentification of an object that each point 1n the
set of points represents, a unique 1dentifier for each point 1n
the set of points, a tag 1dentitying each point in the set of
points as a junction or non-junction point, and an indicator
identifying each point in the set of points as being a straight
point or a curved point.

In some examples, the process further comprises plotting
the points 1n the set of points to generate a computer
generated representation of the path. In other examples, each
point 1n the set of points 1s 1dentified as being a straight point
or a curved point and plotting the points comprises connect-
ing straight points with straight lines and connecting curved
points with polynomial segments.

Another example process for surveying a path using a
global navigation satellite system (GNSS) device includes
measuring, by the GNSS device, a location associated with
the GNSS device; determining 1f a trigger condition has
occurred, wherein the trigger condition comprises a thresh-
old length of time since a last point was recorded, a threshold
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distance traveled since the last point was recorded, and a
threshold deviation from a projected path; and 1n response to

the trigger condition occurring, recording the measured
location as a point 1n a set of points.

In some examples, the trigger condition occurs 1f any of
the threshold length of time since the last point was
recorded, the threshold distance traveled since the last point
was recorded, and the threshold deviation from a projected
path 1s reached.

In some examples, the trigger condition further comprises
a minimum distance traveled since the last point was
recorded, and wherein the trigger condition does not occur
unless the mimimum distance traveled since the last point
was recorded 1s reached.

In some examples, the threshold deviation from the pro-
jected path comprises a threshold horizontal deviation or a
threshold vertical deviation from the projected path.

In some examples, the projected path 1s generated based
on a linear extrapolation of the at least two most recently
recorded points 1n the set of points.

In some examples, recording the measured location as the
point 1n the set of points comprises: storing the point and
associated data 1n a data structure representing the set of
points; and identifying the point as a straight point or a
curved point, wherein the point 1s i1dentified as a straight
point 1 the threshold length of time since the last point was
recorded or the threshold distance traveled since the last
point was recorded caused the trigger condition to occur, and
wherein the point 1s identified as a curved point 1t the
threshold deviation from the projected path caused the
trigger condition to occur.

In some examples, process further comprises plotting the
points 1n the set of points to generate a computer generated
representation of the path. In other examples, each point in
the set of points 1s 1dentified as being a straight point or a
curved point, and wherein plotting the points comprises
connecting straight points with straight lines and connecting
curved points with polynomial segments.

Apparatus for performing these processes are also pro-

vided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary plot of land that may be
surveyed using a GNSS device according to various
examples.

FI1G. 2 1llustrates a block diagram of an exemplary GNSS
device according to various examples.

FIG. 3 illustrates an exemplary process for surveying
using a GNSS device and plotting the results according to
various examples.

FIG. 4 1llustrates an exemplary process for surveying a
path using a GNSS device according to various examples.

FIG. 5 illustrates the surveying of a plot of land using the
process shown 1 FIG. 4.

FIG. 6 1llustrates another exemplary process for surveying,
a path using a GNSS device according to various examples.

FIG. 7 illustrates an exemplary interface for configuring,
variables for the process shown in FIG. 6.

FIG. 8 illustrates a path that may be surveyed using a
GNSS device according to various examples.

FIGS. 9-16 illustrate the surveying of the path shown in
FIG. 8 using the process shown 1n FIG. 7.

FI1G. 17 1llustrates an exemplary process for plotting a set
of points representing a path according to various examples.

FI1G. 18 illustrates an exemplary set of points representing,
a path according to various examples.
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FIG. 19 illustrates the plotting of straight points from the
set of points shown 1 FIG. 18 using the process shown 1n

F1G. 17.

FIG. 20 1llustrates the plotting of curved points from the
set of points shown 1 FIG. 18 using the process shown 1n
FIG. 17.

FIG. 21 illustrates an example computing system that may
be employed to implement some or all of the processing
functionality in certain examples.

In the following description, reference 1s made to the
accompanying drawings which form a part thereof, and
which 1llustrate several embodiments of the present disclo-
sure. It 1s understood that other embodiments may be
utilized and structural and operational changes may be made
without departing from the scope of the present disclosure.

The use of the same reference symbols in different drawings
indicates similar or 1dentical items.

DETAILED DESCRIPTION

The following description 1s presented to enable a person
of ordinary skill in the art to make and use the various
embodiments. Descriptions of specific devices, techniques,
and applications are provided only as examples. Various
modifications to the examples described herein will be
readily apparent to those of ordinary skill in the art, and the
general principles defined herein may be applied to other
examples and applications without departing from the spirit
and scope of the mvention as claimed. Thus, the various
embodiments are not intended to be limited to the examples
described herein and shown, but are to be accorded the scope
consistent with the claims.

Systems and methods for surveying using a GNSS device
are provided. In one example method, a GNSS device may
be used to determine the location of points along a path and
to add those points to a set of points representing the path.
When adding each point, the device may determine 1f the
point represents a new point or a previously measured point
from the set of points. I1 the point 1s a new point, the device
may add the point to the set of points. If the point 1s a
previously measured point, the device may display one or
more previously measured points from the set of points to
allow the user to select which previously measured point
corresponds to the point currently being measured. How-
ever, the device may select the point if there 1s only a single
point within a threshold distance from the device. The user
may select a previously measured point and a point may be
added to the set of points using the location of the selected
previously measured point. The set of points may then be
processed to generate a computer representation of the
surveyed path.

FIG. 2 illustrates a block diagram of an example GINSS
device 200 according to various examples. Device 200 may
include GNSS recerver 203 coupled to receive GNSS sat-
cllite signals via GNSS antenna 201. GNSS receiver 203
may include typical receiver circuitry, such as a amplifiers,
oscillators, frequency synthesizers, down converters, auto-
matic gain control (AGC) circuits, analog-to-digital convert-
ers (ADCs), demodulators, and the like, for performing
amplification, filtering, frequency down-conversion, sam-
pling, and demodulation. However, one of ordinary skill in
the art will appreciate that other analog or digital circuitry
may be included within GNSS receiver 203 as approprate
for a given application.

GNSS receiver 203 may be configured to convert the
received GNSS satellite signals into Earth-based coordi-
nates, such as WGS84, ECEF, ENU, and the like. GNSS
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receiver 203 may further transmit the received GINSS signals
and/or converted coordinates to computing system 205 for
processing. As will be described 1n greater detail below,
computing system 205 may be configured to store the
converted coordinates as points used to survey plots of land.
Computing system 2035 may cause a display of some or all
of the stored coordinates and may prompt the user for input
by providing display data to display 207. Computing system
205 may receive user mput via mput device 209, which may
include any desired type of mput device, such as a keyboard,
mouse, physical button, touch sensitive display, or the like.

In some examples, GNSS device 200 may be included

within a portable handheld geodesic device, such as that
described 1n U.S. Patent Publication No. 2012/0299936 or

U.S. Pat. No. 8,125,376, which are incorporated by refer-
ence herein 1n their entirety for all purposes.

FI1G. 3 1llustrates an exemplary process 300 for surveying
land using a GNSS device and plotting the results according
to various examples. Process 300 may be performed using a
GNSS device similar or 1dentical to GNSS device 200 with
or without the aid of an external computing system.

At block 301 of process 300, the locations for a set of
points on a path may be determined and recorded. In some
examples, A GNSS device similar or identical to GNSS
device 200 may be positioned at various points along the
path and may be used to determine and record locations for
cach of the points. The path may form a closed shape (e.g.,
when representing a perimeter enclosing a plot of land) or an
open shape (e.g., when representing a boundary separating
plots of land, a path to be navigated, or the like).

FIG. 4 1llustrates an exemplary process 400 that may be
performed at block 301 of process 300 to determine and
record the locations for a set of points on a path. In
particular, process 400 may be used to manually determine
and record points on a path having either a closed shape or
an open shape using a GNSS device. Process 400 will be
described below with reference to the plot of land 500 shown
in FIG. 5. This example plot 5300 includes a first outer
portion 501 (e.g., representing a garden) and a second inner
portion 503 (e.g., representing a flowerbed within the gar-
den). As shown, each portion 501, 503 has a closed rectan-
gular shape and both portions share one common edge at the
bottom of the figure. FIG. 5 further shows an example set of
points 505, 507, 509, 511, 513, 515, 517, and 519 that may
be surveyed using process 400 to properly define the bound-
aries of outer and iner portions 501 and 503.

Referring back to FIG. 4, at block 401, a request may be
received from a user to add a point on a path to a set of points
representing that path. The request may be received via an
input device, such as mput device 209, and may indicate a
desire to measure a location at or near the GNSS device
(e.g., a point on the ground below the GNSS device). In
some examples, the request may include a request to mea-
sure the location of the point and may explicitly identily the
point as being a new point or a junction that was previously
measured (e.g., 1dentified by using one of two physical or
virtual buttons). A new point may refer a point that was not
previously measured by the user and a junction may refer to
a point that may require the user to measure 1t multiple
times. For example, to enclose portion 501 of plot 500, a
user may be required to measure the location of point 305 a
first time 1n order to define the start of the path and may be
required to measure the location of point 305 a second time
in order to define the end of the path. As such, point 505 may
be referred to as a junction. Thus, 1n some examples, a user
may 1dentity the point to be added to the set of points as
being either a new point (e.g., a non-junction point or a
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junction that was not previously measured) or a previously
measured junction. In other examples, the request may
include a request to measure the location of the point (e.g.,
made using a single physical or virtual button) without
explicitly i1dentify the point as being a new point or a
junction that was previously measured.

Additionally, in some examples, the request may further
identify the point as being a straight point, representing a
point along a straight portion of a path, or a curved point,
representing a point along a curved portion of a path. In
these examples, a selectable option may be provided to the
user (e.g., via display 207 or other input means) to identify
the type of point.

In some examples, the request may further 1dentify the
point as being a junction, meaning that the location of the
point may be measured multiple times (e.g., to enclose a
boundary) or non-junction point, meaning the point may be
measured only once.

To 1illustrate, referring to FIG. 5, a user may begin
surveying plot of land 500 by traveling to point 505 with
GNSS device 200. Since point 505 connects straight seg-
ments ol a path (e.g., segments between points 505 and 507
and between points 505 and 519), the user may 1dentify the
point as being a straight point. In some examples, the user
may further identity the point as being a new point since no
previous measurements have been made at point 505. In
other examples, the user may simply request that a mea-
surement be taken without explicitly identify the point as
being a new point.

Referring back to FIG. 4, at block 403, the GNSS device
may measure the location of the pomnt by converting
received satellite signals into Farth-based coordinates, such
as WGS84, ECEF, ENU, or the like. For instance, continuing
with the example provided above, GNSS device 200 may
measure the location of point 505 1n response to the user
requesting that the point be added to the set of points.

At block 405, 1t may be determined 11 the point 1s a new
point or a previously measured junction. If it 1s determined
that the point 1s a new point, the process may proceed to
block 407. IT 1t 1s instead determined that the point 1s a
previously measured junction, then the process may proceed
to block 409.

In some examples where the user explicitly identifies the
requested point as being a new point or a previously mea-
sured junction at block 401, the determination made at block
405 may be based on this user input. For example, 11 the user
identified the point as being a new point at block 401, the
process may proceed to block 407. If the user instead
identified the point as being a previously measured junction,
the process may proceed to block 409.

In other examples where the user does not explicitly
identify the requested point as being a new point or a
previously measured junction at block 401, block 405 may
include comparing the location of the point determined at
block 403 with previously measured points in the set of
points representing the path to determine if any of the
previously measured points have locations within a thresh-
old distance of the current point. The threshold distance may
have any desired value and may be selected based on
expected user error 1n positioning the GNSS device and/or
device error 1n obtaining position measurements. In some
examples, the threshold distance may be selected to be less
than the mimmum distance between the points intended to
be measured, but higher than the accuracy of the device. For
example, 1n geodesic recervers, a threshold distance of 5 cm
may be used. In this way, the GNSS device may determine
if the current point 1s potentially a previously measured
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junction. If 1t 1s determined that the location of the point
measured at block 403 1s not within the threshold distance of
a previously measured point for the path, the process may
proceed to block 407. Alternatively, 11 1t 1s determined that
the location of the point measured at block 403 1s within the
threshold distance of a previously measured point for the
path, the user may be prompted to confirm that the point 1s
a previously measured point or to indicate that the point 1s
a new point. If the user indicates that the point 1s a new point,
the process may proceed to block 407. It the user does not
indicate that the point 1s a new point, the process may
proceed to block 409.

In some examples, as discussed above, points may be
tagged as junction or non-junction points. In these examples,
only locations for points tagged as junctions may be com-
pared to the currently measured point to determine if they
are within the threshold distance of the currently measured
point. This may reduce the amount of computation required
by the GNSS device and reduce the number of potential
points presented to the user (at block 409).

To 1illustrate, continuing with the example provided
above, 1f the user explicitly identified point 5035 as being a
new point at block 401, the process may proceed from block
405 to block 407. Alternatively, 11 the user did not explicitly
identify the point as beimng a new point or a previously
measured junction, the location of point 305 determined at
block 403 may be compared to locations of previously
measured and stored points for the path to determine 1t any
points are within a threshold distance to the current point. In
this example, there are no other stored points for the path
(junction or non-junction points). As a result, GNSS device
200 may determine that the measured point 1s not within a
threshold distance of a previously stored point and may
proceed to block 407.

Atblock 407, the current point and its location determined
at block 403 may be added to the set of points representing
the path. This may include storing the point and 1ts associ-
ated data 1n a list or other data structure representing the
path. The associated data may include the location deter-
mined at block 403, an 1dentification of the object that the
point represents (e.g., a tree, a manhole cover, a fence, etc.),
a unique reference number 1dentifying the relative position
of the point within the path, a tag identifying the point as
being a junction or a non-junction point, an indication
identifying the point as a straight point or a curved point, or
the like.

To 1llustrate, continuing with the example provided
above, point 305 may be added to a list of points represent-
ing the path along with 1ts associated data, such as the
location of point 505 determined at block 403, point type
identifier of “fence” (indicating that it 1s a point along a path
segment representing a fence), a reference number of 1
(indicating that 1t 1s the first measured point for the path), a
junction tag (indicating that it 1s a junction point), and point
type 1dentifier of “straight™ (1dentifying the point as being a
point along a straight portion of the path).

The process may then return to block 401 where another
request to measure a point on the path may be received.
Blocks 401, 403, 405, and 407 may be repeated any number
of times to add new points to the set of points representing
the path. For example, a user may travel from point 505 to
point 507 and may indicate a desire to add a new point to the
set of points representing the path using GNSS device 200.
As aresult, blocks 401, 403, 405, and 407 may be performed
to receive the user’s request, measure the location of the
point, determine 1f the point 1s a new point, and add point
507 and 1ts associated data to the set of points representing
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the path. The user may similarly proceed to points 509, 511,
513, and 315 to cause GNSS device 200 to repeatedly

perform blocks 401, 403, 405, and 407 to add these points
to the set of points for the path outlining portions 501 and
503 of plot 500.

However, when a user attempts to add a point to the set
of points that 1s not a new point (e.g., a previously measured
junction), a negative determination may instead be made at
block 405.

To 1llustrate, continuing with the example provided
above, 1f the user explicitly identified point 509 as being a
previously measured junction at block 401, the process may
proceed from block 405 to block 409. Alternatively, it the
user did not explicitly identify the point as being a new point
or a previously measured junction, the location of point 509
determined at block 403 may be compared to locations of
previously measured and stored points for the path to
determine 1f any points are within a threshold distance to the
current point. In this example, the location of the previously
measured and stored point 509 may be within the threshold
distance of the current measurement of point 509. As a
result, GNSS device 200 may determine at block 405 that
the measured point 1s within a threshold distance of a
previously stored point and may proceed to block 409.

At block 409, a list of previously measured points may be
displayed to the user. In some examples, the list may include
the previously measured points that have locations within
the threshold distance from the current measured point. In
other examples, the list may include all previously measured
points, regardless of their proximity to the current measured
point. The list of previously measured points may be limited
to only those points tagged as junctions, or may i1nclude all
previously measured points for the path. In some examples,
the list may be ordered based on proximity to the current
measured point. In yet other examples, the list may be
filtered based on the associated data of the stored points. For
example, the previously measured points based on the type
of object 1t represents, 1ts unique reference number, or
whether the point 1s a straight point or a curved point. It the
user did not explicitly identify the point as being a new point
or a previously measured junction at block 401, the display
of the list of previously measured points may be combined
with the prompt provided to the user at block 405 requesting
that the user confirm that the point 1s a previously measured
point or to indicate that the point 1s a new point.

To 1illustrate, continuing with the example provided
above. GNSS device 200 may display a list containing the
previous measurement for point 509 on display 207 in
response to determining that the current point 1s a previously
measured junction.

At block 411, a selection of a previously measured point
from the list of previously measured points displayed at
block 409 may be received. The selection may be recerved
from a user using an mmput device, such as iput device 209
of GNSS device 200. At block 413, the point requested at
block 401 may be added to the set of points using the
location of the previously measured point selected at block
411. This may further include storing the point using some
or all of the associated data (e.g., location, 1dentification of
the object that the point represents, a tag identifying the
point as a junction or non-junction point, an indication
identifying the point as a straight point or curved point, or
the like) of the previously measured point selected at block
411 1n a list or other data structure representing the path.
However, the new point may be stored with its own unique
reference number 1dentitying the relative position of the
point within the path.
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In some examples, 1f only a single previously measured
point exists within the threshold distance from the current
measured point, blocks 409 and 411 may be skipped and the
device may automatically select and add the point to the set
of points using the previously measured point to the set of
points at block 413.

To 1llustrate, continuing with the example provided
above, the user may select the previous measurement for
point 5309 displayed on display 207 of GNSS device 200. In
response, the point that the user requested to add to the path
at block 401 may be added to the list of points representing
the path using the location and other associated data of point
509. Alternatively, since there 1s only one previous mea-
surement for point 509, GNSS device 200 may automati-
cally add the point (requested at block 401) to the list of
points representing the path using the location and other
associated data of point 509.

The process may then return to block 401 where another
request to measure a point on the path may be received.
Blocks 401, 403, 405, and 407 may be repeated any number
of times to add new points to the set of points representing
the path and blocks 401, 403, 405, 409, 411, and 413 may
be repeated any number of times to add previously measured
junctions to the set of points representing the path. For
example, the user may travel from point 509 to point 511 and
may indicate a desire to add the point to the set of points
representing the path using GNSS device 200. As a result,
blocks 401, 403, 405, 409, 411, and 413 may be performed
to receive the user’s request, measure the location of the
point, determine 11 the point 1s a new point, and add point
511 and 1ts associated data to the set of points representing
the path. The user may further proceed to points 517 and 519
to cause GNSS device 200 to repeatedly perform blocks 401,
403, 405, and 407 to add these points to the set of points for
the path. The user may finally proceed to point 305 to cause
GNSS device 200 to perform blocks 401, 403, 405, 409, 411,
and 413 to add this point to the set of points and to enclose
portion 501 of plot 500.

Using process 400, the user may use a previous measure-
ment for a junction, obviating the need for the user to
replicate the measurement at the exact location of the
previous measurement and avoiding measurement errors
due to GNSS device tolerances. This advantageously allows
the user to quickly and accurately add points to a path to
ensure that measurements intended to be taken at the same
point are recorded with the same location coordinates. The
result may be a set of points on a path that properly encloses
regions of land when processed.

FI1G. 6 illustrates another exemplary process 600 that may
be performed at block 301 of process 300 to determine and
record the locations of a set of points on a path. In particular,
process 600 may be used to automatically determine and
record points on a path having an open shape using a GNSS
device. For example, GNSS device 200 may travel along a
path (e.g., on a vehicle) and may use process 600 to
automatically measure and record locations of points along
the path 1n response to a triggering condition. The triggering
condition may be a distance traveled, a time traveled, or a
horizontal or vertical deviation from the path.

At block 601 of process 600, a location of the GNSS
device may be measured. For example, a GNSS device
similar or i1dentical to GNSS device 200 may measure its
location by converting received satellite signals into Earth-
based coordinates, such as WGS84, ECEF, ENU, or the like.

At block 603, 1t may be determined if a trigger condition
has occurred. In some examples, the trigger condition may
include a threshold distance traveled. For example, the
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GNSS device may be configured to record the location of a
point every 10 m traveled. In other examples, the trigger
condition may include a threshold time. For example, the
GNSS device may be configured to record the location of a
point every 10 seconds. In yet other examples, the trigger
condition may include a threshold horizontal or vertical
deviation from a path projected based on a number of
previously stored points. For example, the GNSS device
may be configured to record the location of a point 11 it 1s
determined that the point deviated by more than 5 cm meters
from a path generated from a linear extrapolation of the
previous two points. While specific values have been pro-
vided, it should be appreciated that any values may be used
for the trigger conditions. For example, other durations and
other distances may be used as trigger conditions and more
than two points may be used to project the path of the
vehicle. Additionally, the projected path can be extrapolated
from more than two previously measured points. Moreover,
it should be appreciated that the trigger condition may
include any combination of the trigger conditions listed
above. In these examples, a measurement may be recorded
at the earliest occurrence of any of the trigger conditions.

In some examples, a minimum traveled distance may also
be used to prevent the occurrence of a trigger condition at
block 603. This distance may represent the minimum dis-
tance that the GNSS device must travel belore recording
another point, regardless of the device’s deviation from the
projected path. For example, a minimum traveled distance of
5 ¢cm may be used to prevent the GNSS device from
recording points that are within 5 cm of each other.

FIG. 7 illustrates an example interface 700 that may be
displayed on GNSS device 200 to configure the trigger
conditions and/or minimum traveled distance. As shown,
interface 700 includes the four trigger conditions, their
associated threshold values, and check-boxes for selecting
or deselecting the trigger conditions. The minimum travelled
distance, 1ts associated threshold value, and a check-box for
selecting or deselecting the mimimum threshold distance 1s
also shown.

Retferring back to FIG. 6, if a negative determination 1s
made at block 603, the process may return to block 601
where the GNSS device may again measure 1ts location.
Blocks 601 and 603 may be periodically or intermittently
performed with any desired frequency. If, however, a posi-
tive determination 1s instead made at block 603, the process
may proceed to block 605 where the location of the point
may be added to a set of points representing the path in a
manner similar to that described above with respect to block
407. In some examples, points added to the set based on a
threshold distance or threshold length of time elapsing may
be recorded as ““straight” points, while points added based on
a threshold horizontal or vertical deviation may be recorded
as “curved” points.

To 1illustrate, FIG. 8 shows a path 800 that may be
surveved using process 600. In one example, a GNSS device
200 may be configured to have a trigger condition that
includes a threshold distance of 10 m and a threshold
horizontal deviation of 5 cm from a path projected based on
the two most recently stored points. GNSS device 200 may
begin surveying path 800 by measuring and recording the
point 901 located at the start of the path, as shown in FIG.
9. As the GNSS device travels along the path, 1t may perform
blocks 601 and 603 of process 600 to continually measure
the position of the device and to determine if a trigger
condition has occurred. Up until reaching point 903, the
GNSS device may determine that no trigger condition has
yet occurred because the device has not traveled the thresh-
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old distance and has not deviated from a projected path
based on two previous stored points. Thus, a negative
determination 1s repeatedly made at block 603. However,
upon reaching poimt 903, 1t may be determined that the
GNSS device has traveled the threshold distance. As a result,
a positive determination may be made at block 603 and the
GNSS device may store the point and its associated location
at block 605.

The GNSS device may continue to travel along path 800,
repeatedly performing blocks 601 and 603 to measure the
location of the device and determine 1f a trigger condition
has occurred. Up until reaching point 905, shown in FIG. 10,
the GNSS device may determine that no trigger condition
has yet occurred because the device has not traveled the
threshold distance and has not deviated from a projected
path 1001 based on two previous stored points. This pro-
jected path 1001 represents a linear extrapolation of the two
most recently stored points 901 and 903. Thus, a negative
determination 1s repeatedly made at block 603. However,
upon reaching point 905, 1t may be determined that the
GNSS device has dewated from the projected path 1001 by
the threshold horizontal distance of 10 cm as indicated by
the double arrow. As a result, a positive determination may
be made at block 603 and the GNSS device may store the
point and 1ts associated location at block 603.

The GNSS device may continue to travel along path 800,
repeatedly performing blocks 601 and 603 to measure the
location of the device and determine if a trigger condition
has occurred. Up until reaching point 907, shown 1n FIG. 11,
the GNSS device may determine that no trigger condition
has yet occurred because the device has not traveled the
threshold distance and has not deviated from a projected
path 1101 based on two previous stored points. This pro-
jected path 1101 represents a linear extrapolation of the two
most recently stored points 903 and 9035. Thus, a negative
determination 1s repeatedly made at block 603. However,
upon reaching point 907, 1t may be determined that the
GNSS device has deviated from the projected path 1101 by
the threshold horizontal distance of 10 cm as indicated by
the double arrow. As a result, a positive determination may
be made at block 603 and the GNSS device may store the
point and 1ts associated location at block 605.

Process 600 may be repeated to add points 909, 911, 913,
915, and 917 1n a similar manner based on their horizontal
deviation of 10 cm from projected paths 1201, 1301, 1401,
1501, and 1601, respectively, as shown 1 FIGS. 12-16. In
the example provided above, points 901 and 903 may be
identified as straight points since the measurement of these
points were triggered by the start of the path and the
threshold distance trigger. Points 905, 907, 909, 911, 913,
915, and 917 may be identified as curved points since the
measurement of these points were triggered by the threshold
horizontal deviation trigger.

Returning to FIG. 3, once the locations for a set of points
on a path are recorded using process 400 and/or process 600,
the process may proceed to block 303. At block 303, the set
of points recorded at block 301 may be processed to generate
a plot of the path represented by the set of points. While
FIGS. 9-16 show the recording of points 1 response to
reaching a threshold horizontal deviation from a projected
path, 1t should be appreciated that process 600 may similarly
be used to record points 1n response to reaching a threshold
vertical deviation from a projected path.

FI1G. 17 1llustrates an exemplary process for plotting a set
of points representing a path according to various examples.
At block 1701, adjacent points 1dentified as being “straight™
points may be connected together with straight lines.
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To 1illustrate, continuing with the example provided
above, the set of points recorded at block 301 of process 300
may include points 901, 903, 905, 907, 909, 911, 913, 915,
and 917 taken from path 800. A visual representation of
these points 1s provided i FIG. 18. In this example, points
901 and 903 may be straight points since point 901 was
recorded at the start of the path and because point 903 was
recorded due to the mimimum distance threshold being
reached. As a result, at block 1701, a straight line may be
generated that connects points 901 and 903, as shown 1n
FIG. 19.

At block 1703, Nth-degree polynomial curves may be {it
to groups of X curved points. In some examples, a second-
degree polynomial may be {it to groups of three points. To
illustrate, continuing with the example provided above,
points 905, 907, 909, 911, 913, 915, and 917 may be
identified as curved points since they were recorded 1n
response to a threshold horizontal deviation from a projected
path occurring. Thus, as shown 1n FIG. 20, these points have
been grouped into sets of three, and a second-degree poly-
nomial has been generated and used to connect the points.
Note that the first set 2001 of three points includes straight
point 903. This 1s because the point immediately after point
903 15 curved point 905, indicating that the segment between
these two points 1s also curved. Thus, the first second-degree
polynomial segment 1s generated using the first set 2001
containing points 903, 905, and 907. The second set 2003
contains the last point from the previous set 2001 (point 907)
and the next two points 909 and 911. Thus, a second-degree
polynomial segment may also be generated using the second
set 2003 containing points 907, 909, and 911. The segment
can similarly be generated using the third set 2005 contain-
ing points 911, 913, and 915. The fourth set 2007, however,
includes two points 913 and 9135 from the previous set 2005.
This 1s because there are an insuflicient number of points
following point 915 to generate the second-degree polyno-
mial segment. As a result, two points from the third set 20035
have been added to the last point 917 to form a fourth set
2007 contaiming the requisite three points.

While the example for process 1700 has been described as
generating a second-degree polynomial using three points, 1t
should be appreciated that any Nth-degree polynomial may
be generated using X number of points. Additionally, 1t
should be appreciated that blocks 1701 and 1703 may be
performed in any order or may be performed at the same
time.

FIG. 21 illustrates an exemplary computing system 2100
that may be employed to implement processing functionality
for various aspects of the current technology. For example,
computing system 2100 may be used to implement comput-
ing system 205 of GNSS device 200 and may be used to
perform the steps of exemplary processes 400, 600, or 1700.
Those skilled 1n the relevant art will also recognize how to
implement the current technology using other computer
systems or architectures. Computing system 2100 may rep-
resent, for example, a user device, such as a desktop, mobile
phone, geodesic device, and so on as may be desirable or
appropriate for a given application or environment. Com-
puting system 2100 can include one or more processors,
such as a processor 2104. Processor 2104 can be imple-
mented using a general or special purpose processing engine
such as, for example, a microprocessor, microcontroller or
other control logic. In this example, processor 2104 1is
connected to a bus 2102 or other commumication medium.

Computing system 2100 can also include a main memory
2108, such as random access memory (RAM) or other
dynamic memory, for storing information and instructions to
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be executed by processor 2104. Main memory 2108 also
may be used for storing temporary variables or other inter-
mediate information during execution of instructions to be
executed by processor 2104. Computing system 2100 may
likewise include a read only memory (“ROM”) or other
static storage device coupled to bus 2102 for storing static
information and instructions for processor 2104.

The computing system 2100 may also include informa-
tion storage mechanism 2110, which may include, for
example, a media dnive 2112 and a removable storage
interface 2120. The media drive 2112 may include a drive or
other mechanism to support fixed or removable storage
media, such as a hard disk drive, a floppy disk drive, a
magnetic tape drive, an optical disk drive, a CD or DVD
drive (R or RW), or other removable or fixed media drive.
Storage media 2118 may include, for example, a hard disk,
floppy disk, magnetic tape, optical disk, CD or DVD, or
other fixed or removable medium that 1s read by and written
to media drive 2112. As these examples illustrate, the
storage media 2118 may include a non-transitory computer-
readable storage medium having stored therein particular
computer software or data.

In alternative embodiments, information storage mecha-
nism 2110 may include other similar instrumentalities for
allowing computer programs or other 1nstructions or data to
be loaded 1into computing system 2100. Such instrumentali-
ties may include, for example, a removable storage unit
2122 and an mterface 2120, such as a program cartridge and
cartridge interface, a removable memory (for example, a
flash memory or other removable memory module) and
memory slot, and other removable storage units 2122 and
interfaces 2120 that allow software and data to be trans-
terred from the removable storage unit 2122 to computing
system 2100.

Computing system 2100 can also include a communica-
tions interface 2124. Communications interface 2124 can be
used to allow software and data to be transierred between
computing system 2100 and external devices. Examples of
communications interface 2124 can include a modem, a
network interface (such as an Fthernet or other NIC card),
a communications port (such as for example, a USB port),
a PCMCIA slot and card, etc. Software and data transferred
via communications interface 2124. Some examples of a
channel 2128 include a phone line, a cellular phone link, an
RF link, a network interface, a local or wide area network,
and other communications channels.

In this document, the terms “computer program product™
and “non-transitory computer-readable storage medium”
may be used generally to refer to media such as, for
example, memory 2108, storage media 2118, or removable
storage unit 2122. These and other forms of non-transitory
computer-readable storage media may be involved 1n pro-
viding one or more sequences of one or more instructions to
processor 2104 for execution. Such instructions, generally
referred to as “computer program code” (which may be
grouped 1n the form of computer programs or other group-
ings), when executed, enable the computing system 2100 to
perform features or functions of embodiments of the current
technology.

In an embodiment where the elements are implemented
using soiftware, the software may be stored in a non-
transitory computer-readable storage medium and loaded
into computing system 2100 using, for example, removable
storage drive 2122, media drive 2112 or communications
interface 2124. The control logic (in this example, software
istructions or computer program code), when executed by
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the processor 2104, causes the processor 2104 to perform the
functions of the technology as described herein.
It will be appreciated that, for clarity purposes, the above
description has described embodiments with reference to
different functional units and processors. However, 1t will be
apparent that any suitable distribution of functionality
between diflerent functional units, processors, or domains
may be used. For example, functionality illustrated to be
performed by separate processors or controllers may be
performed by the same processor or controller. Hence,
references to specific functional units are only to be seen as
references to suitable means for providing the described
functionality, rather than indicative of a strict logical or
physical structure or organization.
Furthermore, although individually listed, a plurality of
means, elements, or method steps may be implemented by,
for example, a single unit or processor. Additionally,
although individual features may be included in different
claims, these may possibly be advantageously combined,
and the inclusion in different claims does not imply that a
combination of features 1s not feasible or advantageous.
Also, the inclusion of a feature in one category of claims
does not imply a limitation to this category, but rather the
feature may be equally applicable to other claim categories,
as appropriate.
Although a feature may appear to be described 1n con-
nection with a particular embodiment, one skilled in the art
would recognize that various features of the described
embodiments may be combined. Moreover, aspects
described 1n connection with an embodiment may stand
alone.
What 1s claimed 1s:
1. A computer-implemented method for surveying a path
using a global navigation satellite system (GNSS) device,
the method comprising:
at the GNSS device:
receiving, by the GNSS device, a request to add a point
on the path to a set of points;
determining a location of the point;
in response to determining a location of the point,
determining 1f the point 1s a new point or a previ-
ously measured point from the set of points;
in response to determining that the point 1s a new point,
adding the point to the set of points using the
determined location of the point; and
in response to determining that the point 1s a previously
measured point from the set of points, adding the
point to the set of points using a location of a
corresponding point from the set of points.
2. The method of claim 1, wherein the request to add the
point on the path to the set of points 1dentifies the point as
being a new point or a previously measured point from the
set of points, and wherein determining 1f the point 1s a new
point or a previously measured point from the set of points
1s performed based on the request.
3. The method of claim 1, wherein determiming 1t the
point 1s a new point or a previously measured point from the
set ol points comprises:
determining that the point 1s a previously measured point
if the location of the point 1s within a threshold distance
to a location of a point in the set of points; and

determining that the point 1s a new point 11 the location of
the point 1s not within the threshold distance to a
location of a point 1n the set of points.

4. The method of claim 3, further comprising:

in response to determining that only a single point from

the set of points has a location within the threshold
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distance from the location of the point, selecting the

single point to be the corresponding point from the set

ol points; and

in response to determining that more than one point from

the set of points has a location within the threshold

distance from the location of the point:

causing a display of at least a portion of the previously
measured points from the set of points; and

receiving a selection of one of the displayed previously
measured points, wheremn the selected previously
measured point 1s used as the corresponding point
from the set of points.

5. The method of claim 4, wherein the at least a portion
of the previously measured points from the set of points
comprises all points from the set of points having locations
within the threshold distance from the point.

6. The method of claim 1, wherein adding the point to the
set of points using the determined location of the point
comprises storing the point and the determined location of
the point 1n a data structure representing the set of points.

7. The method of claim 1, wherein adding the point to the
set of points using the location of the corresponding point
from the set of points comprises storing the point and the
location of the corresponding point from the set of points 1n
a data structure representing the set of points.

8. The method of claim 1, wherein the set of points
comprises associated data for each point 1n the set of points,
and wherein the associated data comprises a location of each
point 1n the set of points, an 1dentification of an object that
cach point 1n the set of points represents, a unique identifier
for each point in the set of points, a tag identifying each
point in the set of points as a junction or non-junction point,
and an 1ndicator identifying each point 1n the set of points as
being a straight point or a curved point.

9. The method of claim 1, wherein the method further
comprises plotting the points 1n the set of points to generate
a computer generated representation of the path.

10. The method of claim 9, wherein each point in the set
of points 1s 1dentified as being a straight point or a curved
point, and wherein plotting the points comprises connecting,
straight points with straight lines and connecting curved
points with polynomial segments.

11. A computer-implemented method for surveying a path
using a global navigation satellite system (GNSS) device,
the method comprising:

measuring, by the GNSS device, a location associated

with the GNSS device;

determining 1f a trigger condition has occurred, wherein

the trigger condition comprises a threshold length of
time since a last point was recorded, a threshold dis-
tance traveled since the last point was recorded, and a
threshold deviation from a projected path; and

in response to the trigger condition occurring, recording,

the measured location as a point in a set of points.

12. The method of claim 11, wherein the trigger condition
occurs 1f any of the threshold length of time since the last
point was recorded, the threshold distance traveled since the
last point was recorded, and the threshold deviation from a
projected path 1s reached.

13. The method of claim 11, wherein the trigger condition

turther comprises a minimum distance traveled since the last
point was recorded, and wherein the trigger condition does
not occur unless the minimum distance traveled since the
last point was recorded 1s reached.
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14. The method of claim 11, wherein the threshold devia-
tion from the projected path comprises a threshold horizon-
tal deviation or a threshold vertical deviation from the
projected path.

15. The method of claim 11, wherein the projected path 1s
generated based on a linear extrapolation of the at least two
most recently recorded points 1n the set of points.

16. The method of claam 11, wherein recording the
measured location as the point 1n the set of points comprises:

storing the point and associated data in a data structure

representing the set of points; and

identifying the point as a straight point or a curved point,

wherein the point 1s i1dentified as a straight point 11 the
threshold length of time since the last point was
recorded or the threshold distance traveled since the
last point was recorded caused the trigger condition to
occur, and wherein the point 1s identified as a curved
point if the threshold deviation from the projected path
caused the trigger condition to occur.

17. The method of claim 11, wherein the method further
comprises plotting the points in the set of points to generate
a computer generated representation of the path.

18. The method of claim 17, wherein each point 1n the set
of points 1s 1identified as being a straight point or a curved
point, and wherein plotting the points comprises connecting
straight points with straight lines and connecting curved
points with polynomial segments.

19. An apparatus for surveying a path, the apparatus
comprising;

a global navigation satellite system (GNSS) receiver for

receiving a plurality of satellite signals; and
a processor configured to:
receive a request to add a point on the path to a set of
points;
determine a location of the point using the GNSS
recelver;
in response to determining a location of the point,
determine 1f the point 1s a new point or a previously
measured point from the set of points;
in response to determimng that the point 1s a new point,
add the point to the set of points using the determined
location of the point; and
in response to determining that the point 1s a previously
measured point from the set of points, add the point
to the set of points using a location of a correspond-
ing point from the set of points.
20. The apparatus of claim 19, wherein the request to add
the point on the path to the set of points identifies the point
as being a new point or a previously measured point from the
set of points, and wherein determining 1f the point 1s a new
point or a previously measured point from the set of points
1s performed based on the request.
21. The apparatus of claim 19, wherein determiming 11 the
point 1s a new point or a previously measured point from the
set ol points comprises:
determiming that the point 1s a previously measured point
if the location of the point 1s within a threshold distance
to a location of a point in the set of points; and

determining that the point 1s a new point 11 the location of
the point 1s not within the threshold distance to a
location of a point 1n the set of points.

22. The apparatus of claim 21, wherein the processor 1s
turther configured to:

in response to determining that only a single point from

the set of points has a location within the threshold
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distance from the location of the point, select the single
point to be the corresponding point from the set of
points; and

in response to determining that more than one point from

the set of points has a location within the threshold

distance from the location of the point:

cause a display of at least a portion of the previously
measured points from the set of points; and

receive a selection of one of the displayed previously
measured points, wherein the selected previously
measured point 1s used as the corresponding point
from the set of points.

23. The apparatus of claim 22, wherein the at least a
portion of the previously measured points from the set of
points comprises all points from the set of points having
locations within the threshold distance from the point.

24. The apparatus of claim 19, wherein the set of points
comprises associated data for each point 1n the set of points,
and wherein the associated data comprises a location of each
point 1n the set of points, an 1dentification of an object that
cach point in the set of points represents, a unique 1dentifier
for each point in the set of points, a tag 1dentifying each
point in the set of points as a junction or non-junction point,
and an 1ndicator identifying each point 1n the set of points as
being a straight point or a curved point.

25. The apparatus of claim 19, wherein the processor 1s
turther configured to plot the pomts 1n the set of points to
generate a computer generated representation of the path.

26. An apparatus for surveying a path, the apparatus
comprising;

a global navigation satellite system (GNSS) receiver for

receiving a plurality of satellite signals; and

a processor configured to:

measure, using the GNSS device, a location associated
with the apparatus;

determine 1f a trigger condition has occurred, wherein
the trigger condition comprises a threshold length of
time since a last point was recorded, a threshold

5

10

15

20

25

30

35

18

distance traveled since the last point was recorded,
and a threshold deviation from a projected path; and
in response to the trigger condition occurring, record
the measured location as a point in a set of points.

277. The apparatus of claim 26, wherein the trigger con-
dition occurs 11 any of the threshold length of time since the
last point was recorded, the threshold distance traveled since
the last point was recorded, and the threshold deviation from
a projected path 1s reached.

28. The apparatus of claim 26, wherein the trigger con-
dition further comprises a minimum distance traveled since
the last point was recorded, and wherein the trigger condi-
tion does not occur unless the minimum distance traveled
since the last point was recorded 1s reached.

29. The apparatus of claim 26, wherein the threshold
deviation from the projected path comprises a threshold
horizontal deviation or a threshold vertical deviation from
the projected path.

30. The apparatus of claim 26, wherein the projected path
1s generated based on a linear extrapolation of the at least
two most recently recorded points i the set of points.

31. The apparatus of claim 26, wherein recording the
measured location as the point 1n the set of points comprises:

storing the point and associated data in a data structure

representing the set of points; and

identifying the point as a straight point or a curved point,

wherein the point 1s i1dentified as a straight point 11 the
threshold length of time since the last point was
recorded or the threshold distance traveled since the
last point was recorded caused the trigger condition to
occur, and wherein the point 1s identified as a curved
point 1f the threshold deviation from the projected path
caused the trigger condition to occur.

32. The apparatus of claim 26 wherein the processor 1s
turther configured to plot the points 1n the set of points to
generate a computer generated representation of the path.
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